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(54) Clutch torque point learning method and clutch control method 

(57) The present invention aims to enable the accu- 
rate learning of a true torque point in a wet friction clutch 
(3), prevent the clutch connection shock by absortaing 
the response delay upon an ordinary clutch connection 
control, and to successfully combine the time lag and 
shock. In the present invention, the value (D) itself of 
the duty ratio of the duty pulse output from the ECU ( 1 6) 
is teamed as the torque point (Dm). In a power trans- 
mission devbe of a vehicle having a fluid coupling (2) 
and the wet friction clutch (3)provided in series between 
the engine (E) and transmission (T/M), the value (Dm) 
of the duty ratio at the time when the clutch input side 
revolution (Nt) decreases to a value lower than the.en- 
gine revolution (Ne) by a prescribed revolution (Nm) dur- 
ing the process of gradually connecting the clutch 3 is 
learned as the torque point. Preferably, learning is con- 
ducted after the elapse of a prescribed waiting time 
(Atl). During an ordinary clutch connection control, a 
prescribed start duty (DstO) for connecting the clutch (3) 
broadly up to a point close to the torque point (Dtb) is 
initially output from the ECU (16), and a gradual duty 
(Dk) is output after retaining such start duty (DstO) for a 
prescribed time (AtS). Preferably, a first gradual duty 
(Dkl) for gradually connecting the clutch quickly is out- 
put, and a second gradual duty (Dk2) for gradually con- 
necting the clutch slowly is output thereafter. 



FIG. 5 



QX 



I ! 



CLUCH STROKE 
CONNECTION- 



4 


• 


ii 


r 


i 

• 
• 




(d) 

REVOLUTION 



ENGINE REVOLUTION Ne 1 



Nm 



TURBINE REvdumON Nt 



Si 



Prinred by Jouvo. 75001 PARIS (FR) 



f 

1 EP 1 243 806 A2 2 



Description 

[0001] The present invention generally relates to a 
torque point learning method and control method of a 
clutch, and particutarty to a torque point learning method 
and control method of a wet friction clutch provided to 
the power transmission of vehicles. 
[0002] In a power transmission device of vehicles, 
there are those which serially provide a fluid coupling 
(including a torque converter) and a wet friction clutch 
in the middle of a power transmission path from the en- 
gine to the transmission, and automatically disconnect/ 
connect the wet friction clutch during a gear shift. Here, 
if a gear-in operation is made when the vehicle is not in 
motion, the clutch is thereafter automatically connected, 
and a creep is generated thereby. This point Is similar 
to an ordinary AT vehicle. 

[0003] Connection of the clutch will generate a clutch 
connection shock (so-called garage shock, etc.) when 
too fast, and much time will be required from the gear- 
in operation to the creep generation when too slow, and 
the driver will not know when to step on the acceleration 
(large time lag). Thus, in order to seek the successful 
combination of such clutch connection shock and short- 
ened connection time, a control is performed so as to 
rapidly connect the clutch in the allowance region up to 
when the clutch begins to connect, and to slowly con- 
nect the clutch by switching the connection speed once 
the clutch begins to connect. 

[0004] More specifically, the working fluid pressure for 
driving the disconnection/connection of the clutch Is al- 
tered in accordance with the duty pulse output from the 
electronic control unit (ECU), and, when connecting the 
clutch from a disconnected state, a prescribed start duty 
is foremost output from the electronic control unit such 
that the clutch will be broadly connected up to a position 
near where the clutch begins to connect (this Is referred 
to as a single connection), and a gradual connection du- 
ty Is thereafter output from the electronic control unit in 
prescribed time intervals for gradually connecting the 
clutch. 

[0005] The aforementioned control Is an open control, 
and the ECU outputs a duty pulse pursuant to a prede- 
termined prescribed program. 

[0006] As shown with the broken lines In Fig. 1 1 . the 
clutch connection control of the prior inventions fore- 
most outputs from the ECU a prescribed start duty Dsf 
so as to broadly connect the clutch up to a position near 
where the clutch begins to connect (this is referred to as 
a single connection control), thereafter outputs from the 
ECU in prescribed time Inten/als a prescribed gradual 
connection duty Dk' so as to gradually connect the 
clutch, and, when reaching a prescribed gradual con- 
nection end duty Ded', outputs a complete connection 
duty Dc* (=0%) such that the clutch is completely con- 
nected. 

[0007] The position where the clutch begins to con- 
nect; that is, the torque transmission starting point ca- 



pable of initially transmitting a prescribed torque, is re- 
ferred to as a torque point, and this torque point is used, 
for example, as a connection speed switching point by 
making the control unit learn such point, and a torque 

5 point plays an important role in the clutch control. The 
torque point Is made a learning value because clutches 
have variations or individual differences caused by man- 
ufacturing errors or the like, and the torque point differs 
for each clutch. 

10 [0008] Meanwhile, with respect to torque point learn- 
ing, conventionally, in adry frrction clutch, aclutch stroke 
value for transmitting a prescribed torque was initially 
detected, and such value was learned as the torque 
point. 

15 [0009] Nevertheless, In the case of a dry friction 
clutch, since the clutch plate Is constantly sliding in the 
oil and the torque transmission is achieved with the 
clutch piston pressing the plates together, the concept 
of stroke does not exit in the first place. Moreover, al- 
20 though the clutch piston will make a stroke, the stroke 
length Is small (approximately 2mm for example). 
Therefore, it is not possible to adopt the method of de- 
tecting the clutch piston stroke and making this the 
learning value as with a dry [friction clutch. 
25 [0010] Further, with a wet friction clutch, also consid- 
ered may be a method of detecting the hydraulic pres- 
sure applied to the clutch piston. Nonetheless, a hydrau- 
lic sensor is expensive, and the detection of hydraulic 
pressure is difficult from a structural perspective. In ad- 
30 dition, not only is there a problem with respect to the 
reliability of the detected value Itself due to the large hy- 
draulic pulse, there Is also the problem in that individual 
variations exist since the same torque is not necessarily 
transmitted to the same hydraulic pressure value. Thus, 
35 this method may not be adopted either. 

[0011] On the other hand, with respect to the clutch 
control and torque point learning, the following problems 
arise if the gradual connection duty output Is com- 
menced immediately after the start duty output. In other 
40 words, although the fluid pressure of the clutch piston 
chamber will rapidly rise pursuant to the output of the 
start duty, the clutch piston commences the pressing of 
the clutch plates after a small stroke (approximately 
2mm) of the initial allowance Is made. The response will 
therefore be delayed for the stroke portion, and, when 
commencing the output of the gradual connection duty 
immediately after the output of the start duty, the re- 
sponse delay of such deviance will be carried over into 
the gradual connection. Since similar control is per- 
so fonrted during the torque point learning, there Is a prob- 
lem In that the value of the connection side is learned 
rather than the true torque point of the clutch upon such 
learning. Moreover, there is an additional problem of the 
clutch connection shock becoming large upon employ- 
^5 ing the learning value deviating toward the connection 
side and due to the aforementioned response delay dur- 
ing the clutch connection control. 
[0012] Meanwhile, as shown in Fig. 11, with respect 
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to the clutch control, in reality, the torque point may vary 
due to disturbances such as individual differences, op- 
erational conditions, change in properties with time or 
the like of the clutch, and the optimum start duty value 
may vary or deviate as illustrated with DstV and Dst2'. 
Moreover, it is not possible to detect such variance or 
deviation prior to renewing the torque point learning. 
Therefore, in this case also, if control is perfomried with 
the start duty value remaining at Dst', the connection 
time lag will become large when deviating to Dst1 and 
the connection shock will become large when deviating 
to Dst2'. 

[0013] The following explanation is made with partic- 
ular reference to the state upon starting the vehicle. Fig. 
13 represents the state of the creep change when the 
gear-in operated is made (when the so-called garage 
shift is made) immediately before the vehicle is put Into 
motion, and also illustrates changes in the revolution of 
the input side (pump) and output side (turbine) of the 
fluid coupling. Revolution of the input side of the fluid 
coupling may be replaced with engine revolution Ne 
(solid line), and the revolution of the input side of the 
fluid coupling, or the turbine revolution Nt (chain line), 
may be replaced with the clutch input side revolution as 
is. 

[0014] At time tO, let it be assumed that the gear-in 
operation has been completed and that the clutch con- 
nection control has been commenced. 
Since the output side of the clutch is being stopped with 
a bralte from the drive wheel side, the fluid coupling 
slides more in accordance with the connection of the 
clutch, and while the pump, which Is the input side of the 
fluid coupling, revolves at a prescribed Idle revolution 
equivalent to the engine revolution Ne, the turbine rev- 
olution Nt gradually decreases. The creep gradually in- 
creases thereby. 

[0015] If the decrease of the turbine revolution Nt at 
the time of an appropriate start duty is line diagram J, 
when the appropriate value deviates to DstV as shown 
in Fig. 1 1 , the turbine revolution Nt becomes as illustrat- 
ed with line diagram J1 , and the time lag becomes large 
as a result thereof. Contrarily, when the appropriate val- 
ue deviates to Dst2' as shown in Fig. 1 1 , the turbine rev- 
olution Nt becomes as illustrated in line diagram J2. and 
the connection shock becomes large as a result thereof. 
[0016] The present invention was devised in view of 
the foregoing problems. An object of the present Inven- 
tion is to enable torque point learning in a wet friction 
clutch. 

[001 7] Another object of the present invention is to ab- 
sorb the response delay during clutch connection, ena- 
ble the accurate learning of a true torque point at the 
time of learning the torque point, and prevent a large 
clutch connection shock upon a standard clutch connec- 
tion control. 

[0018] A further object of the present invention Is to 
yield redundancy and successfully combine the time lag 
and shock at the time of clutch connection even in cases 



where the optimum start duty value varies or deviates 
pursuant to disturbances. 

[0019] The torque point learning method of a clutch 
according to the present Invention is a method of leam- 

5 ing a torque point of a clutch in a power transmission 
device of a vehicle in which a wet friction clutch is pro- 
vided in the middle of a power transmission path extend- 
ing from the engine up to the transmission, so that the 
disconnection/connection state of the wet friction clutch 

10 is controlled in accordance with the duty ratio of the duty 
pulse output from an electronic control unit, 

wherein, when the aforementioned electronic con- 
trol unit is caused to learn a torque point at which a pre- 
scribed torque is transmitted initially while the wet fric- 

15 tion clutch is being connected from the disconnected 
state thereof, the value of the duty ratio of the duty pulse 
output from the electronic control unit is learned as the 
torque point. 

[0020] Moreover, the torque point learning method of 

20 a clutch according to the present invention is a method 
of leaming a torque point of a clutch in a power trans- 
mission device of a vehicle in which a fluid coupling at 
the upstream side and a wet friction clutch at the down- 
stream side are provided in series in the middle of a pow- 

25 er transmission path extending from the engine up to 
the transmission; a hydraulic supplying device is provid- 
ed for supplying a working fluid pressure to the wet fric- 
tion dutch; and the hydraulic pressure supplied from the 
aforementioned hydraulic supplying device is changed 

30 in accordance with the duty ratio of the duty pulse output 
from an electronic control unit, for thereby controlling the 
disconnection/connection state of the wet friction clutch, 
wherein, when the aforementioned electronic con- 
trol unit is caused to leam a torque point at which a pre- 

35 scribed torque is transmitted initially while the wet fric- 
tion clutch is being connected from the disconnected 
state thereof, the aforementioned duty ratio is changed, 
while detecting the revolution of the input side of the wet 
friction clutch and the revolution of the engine, for grad- 

40 ually connecting the wet friction clutch from the discon- 
nected state thereof, and, when the revolution of the in- 
put side of the wet friction clutch becomes less than the 
aforementioned engine revolution by a prescribed value 
of revolution during the foregoing process, the value of 

45 the aforementioned duty ratio at this time is learned as 
the torque point. 

[0021] Further, the torque point leaming method of a 
clutch according to the present Invention is a method of 
learning a torque point of a clutch in a power transmis- 

50 sion device of a vehicle in which a fluid coupling at the 
upstream side and a wet frkHlon clutch at the down- 
stream side are provided in series in the middle of a pow- 
er transmission path extending from the engine up to 
the transmission; a hydraulic supplying device is provid- 

55 ed for supplying a working fluid pressure to the wet fric- 
tion clutch; and the hydraulto pressure supplied from the 
aforementioned hydraulk: supplying device is changed 
in accordance with the duty ratio of the duty pulse output 
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from an electronic control unit, for thereby controlling the 
disconnection/connection state of the wet friction clutch, 
wherein, when the electronic control unit Is caused 
to learn a torque point at which a prescribed torque Is 
transmitted initially while the wet friction clutch is being 
connected from the disconnected state thereof, the 
aforementioned duty ratio is changed, while detecting 
the revolution of the engine, for gradually connecting the 
wet friction clutch from the disconnected state thereof, 
and, when the revolution of the engine has dropped by 
a prescribed revolution during the foregoing process, 
the value of the aforementioned duty ratio at this time is 
learned as the torque point. 

[0022] Moreover, the torque point learning method of 
a clutch according to the present invention is a method 
in a power transmission device of a vehicle which sen- 
ally provides a fluid coupling at the upstream side and 
a wet friction clutch at the downstream side, respective- 
ly, in the middle of the power transmission path from the 
engine up to the transmission; provides a hydraulic sup- 
plying device for supplying a working fluid pressure to 
the wet friction clutch; alters the hydraulic pressure sup- 
plied from the hydraulic supplying device in accordance 
with the duty ratio of the duty pulse output from an elec- 
tronic control unit; and controls the disconnection/con- 
nection state of the wet friction clutch thereby, compris- 
ing the steps of: 

respectively detecting the revolution of the input 
side of the wet friction clutch and the revolution of 
the engine; gradually disconnecting the wet friction 
clutch from a connected state by altering the duty 
ratio; and, when the difference between the revolu- 
tion of the input side of the wet friction clutch and 
the engine revolution becomes less than a pre- 
scribed revolution during the foregoing process, 
leaming the duty ratio at such time as the torque 
point upon making the electronic control unit initially 
leam the torque point for transmitting a prescribed 
torque when the wet friction clutch is connected 
from a disconnected state. 

[0023] Here, It Is preferable that the starting condition 
of the aforementioned torque point learning includes the 
conditions of a stopped vehicle, parking brake in use, 
foot brake in use, and transmission in use. The present 
invention is also a clutch control method for controlling 
the disconnection/connection of a clutch by altering the 
worthing fluid pressure for driving the disconnection/con- 
nection of a wet friction clutch in accordance with the 
duty pulse output from the electronk: control unit, com- 
prising the steps of: 

outputting, from the electronic control unit, a pre- 
scribed start duty such that the clutch is initially con- 
nected broadly up to a point close to the torque 
point, when connecting the clutch from a discon- 
nected state; 



6 

then outputting. from the electronic control unit in 
prescribed time intervals, such a prescribed gradual 
connection duty as to gradually connect the clutch; 
retaining the start duty after the start duty is output; 
5 and commencing the output of the aforementioned 
gradual connection duty after a predetenmined time 
longer than the aforementioned prescribed time 
elapses. 

10 [0024] Further, the present invention is also A method 
of learning a torque point of a clutch in a power trans- 
mission device of a vehicle in which a fluid coupling and 
a wet friction clutch are provided in series in the middle 
of a power transmission path extending from the engine 
'5 up to the transmission, so that the disconnection/con- 
nection state of the clutch is controlled by changing the 
working fluid pressure for controlling the disconnection/ 
connection of the clutch In accordance with the duty ratio 
of the duty pulse output from an electronic control unit, 
20 comprising the steps of: 

when the aforementioned electronic control unit is 
caused to learn a torque point at which a prescribed 
torque is transmitted initially while the wet friction 
2s clutch is being connected from the disconnected 
state thereof, detecting the revolution of the input 
side of the clutch and the revolution of the engine, 
respectively; 

initially outputting, from the electronic control unit, 

30 a start duty such that the clutch is connected broad- 
ly up to a point close the torque point; 
then outputting, from the electronic control unit, a 
prescribed gradual connection duty in prescribed 
time intervals such that the clutch is connected 

35 gradually; 

retaining the start duty after the aforementioned 
start duty Is output, and commencing the output of 
the aforementioned gradual connection duty after a 
predetermined time longerthan the aforementioned 

^0 prescribed time elapses; and 

when the revolution of the input side of the clutch 
becomes less than the engine revolution by a pre- 
scribed value of revolution during the foregoing 
process, learning the duty ratio at this time as the 

45 torque point. 

[0025] Here, it is preferable that the learning is con- 
ducted after a predetermined time that is longer than the 
aforementioned prescribed time elapses from the time 
50 the decrease In the aforementioned prescribed revolu- 
tion is detected. 

[0026] The present invention is also a clutch control 
method for controlling the disconnection/connection of 
a clutch by altering the working fluid pressure for driving 
55 the disconnection/connection of a wet friction clutch in 
accordance with the duty pulse output from the electron- 
ic control unit, 

wherein, when the clutch is connected from the 
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disconnected state thereof, a start duty is first output 
from the electronic control unit, the aforementioned start 
duty being predetermined such that the clutch is con- 
nected broadly up to a point close to the torque point 
and the generation of excess clutch connection shock s 
is constantly avoided in consideration of variances of the 
torque point; 

a first gradual connection duty is then output from 
the electronic control unit in prescribed time intervals so 
as to gradually connect the clutch; and io 
a second gradual duty is output from the electronic con- 
trol unit in prescribed time intervals such that the clutch 
is gradually connected slowly from the time a prescribed 
condition is satisfied. 

[0027] Here, it is preferable that the wet friction clutch is 
is provided in series with a fluid coupling in the middle 
of a power transmission path extending from the engine 
up to the transmission in a vehicle, and the aforemen- 
tioned prescribed condition is established when the dif- 
ference between the engine revolution and the clutch 20 
input side revolution exceeds a prescribed value. 
[0028] Fig. 1 is a skeleton diagram showing the power 
transmission device of a vehicle according to an embod- 
iment of the present invention; 

[0029] Fig. 2 is a hydraulic circuit diagram showing the 
hydraulrc supplying device according to an embodiment 
of the present invention; 

[0030] Fig. 3 Is a characteristic line diagram of a hy- 
draulic supplying device according to an embodiment of 
the present invention; 30 
[0031] Fig. 4 is a structural diagram showing an elec- 
tronic control unit according to an embodiment of the 
present Invention; 

[0032] Fig. 5 is a time charge showing the first mode 
of the torque point teaming control according to an em- 35 
bodiment of the present invention; 
[0033] Fig. 6 Is a time charge showing the second 
mode of the torque point learning control according to 
an embodiment of the present invention; 
[0034] Fig. 7 is a time charge showing the third mode 40 
of the torque point teaming control according to an em- 
bodiment of the present Invention; 
[0035] Fig. 8 Is a state transition diagram showing the 
transition of the clutch control phase according to an em- 
bodiment of the present invention; 45 
[0036] Fig. 9 is a time charge showing the first mode 
of the standard clutch connection control according to 
an embodiment of the present invention; 
[0037] Fig. 10 is a time charge showing the second 
mode of the standard clutch connection control accord- so 
ing to an embodiment of the present invention; 
[0038] Fig. 1 1 1s a time charge showing the third mode 
of the standard clutch connection control according to 
an embodiment of the present invention; 
[0039] Fig. 1 2 is a flowchart relating to the third mode ss 
of the standard clutch connection control according to 
an embodiment of the present invention; and 
[0040] Fig. 13 is a time chart showing the changes in 



the engine revolution and the turbine revolution at the 
time of clutch connection. 

[0041] The preferred embodiments of the present in- 
vention are now described with reference to the at- 
tached drawings. 

[0042] Fig. 1 shows a power transmission device of a 
vehicle in the present embodiment. As illustrated there- 
in, a transmission T/M is connected to an engine E via 
a clutch mechanism 1. The clutch mechanism 1 is 
formed of a fluid coupling 2 and a wet multiplate clutch 
3. The fluid coupling 2 is provided upstream in the mid- 
dle of the power transmission path from the engine E up 
to the transmission T/M, and the wet multiplate clutch 3 
is serially provided at the downstream thereof. The fluid 
coupling as used herein is of a broad concept and in- 
cludes a torque converter, and, for Instance, a torque 
converter is employed in the present embodiment. 
[0043] The fluid coupling 2 comprises a pump 4 con- 
nected to the output shaft (crank shaft) of the engine; a 
turtsine 5 facing the pump 4 and connected to the input 
side of the clutch 3; a starter 6 disposed between the 
turbine 5 and the pump 4; and a lockup clutch 7 for per- 
forming the engagement/disengagement with the pump 
4 and the turbine 5. With respect to the wet multiplate 
clutch 3, the input side thereof is connected to the tur- 
bine 5 via the input shaft 3a, and the output side thereof 
is connected to the input shaft 8 of the transmission T/ 
M, thereby enabling the disconnection/connection be- 
tween the fluid coupling 2 and the transmission T/M. 
[0044] The transmission T/M comprises an input shaft 
8, an output shaft 9 disposed coaxlally thereto, and a 
sub shaft 10 disposed parallel to the foregoing shafts. 
The input shaft 8 is provided with an input main gear 11 . 
The output shaft 9 axially supports a first main gear Ml , 
a second main gear M2, a third main gear M3, a fourth 
main gear M4 and a reverse main gear MR, respectively, 
and a sixth main gear M6 is fixed thereto. Fixed to the 
sub shaft 1 0 are an input sub gear 1 2 for engaging with 
the input main gear 11 , a first sub gear CI for engaging 
with the first main gear M1, a second sub gear C2 for 
engaging with the second main gear M2, a third sub gear 
C3 for engaging with the third main gear M3, a fourth 
sub gear C4 for engaging with the fourth main gear M4, 
and a reverse sub gear CR for engaging with the reverse 
main gear MR via an idle gear IR, and a sixth sub gear 
C8 for engaging with the sixth main gear M6 is also ax- 
ially supported thereby 

[0045] According to this transmission T/M. when 
spline engaging the sleeve S/R1 , which as been spline 
engaged with the hub H/R1 fixed to the output shaft 9. 
with the dog DR of the reverse main gear MR, the output 
shaft 9 revolves in reverse, and, when the aforemen- 
tioned sleeve S/R1 is spline engaged with the dog D1 
of the first main gear M1 , the output shaft 9 revolves in 
con^espondence with the first gear. And, when spline en- 
gaging the sleeve S/23, which as been spline engaged 
with the hub H/23 fixed to the output shaft 9, with the 
dog D2 of the second main gear M2, the output shaft 9 
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revolves in correspondence with the second gear, and, 
when the aforementioned sleeve S/23 is spline engaged 
with the dog D3 of the third nnain gear M3, the output 
shaft 9 revolves in correspondence with the third gear. 
[0046] Further, when spline engaging the sleeve S/ 
45, which as been spline engaged with the hub H/45 
fixed to the output shaft 9, with the dog D4 of the fourth 
main gear M4, the output shaft 9 revolves in correspond- 
ence with the fourth gear, and, when the aforementioned 
sleeve 3/45 is spline engaged with the dog D5 of the 
fifth main gear M5, the output shaft 9 revolves In corre- 
spondence (directly) with the fifth gear. And, when spline 
engaging the sleeve S/6, which as been spline engaged 
with the hub H/6 fixed to the sub shaft 10, with the dog 
D6 of the sixth sub gear C6, the output shaft 9 revolves 
in correspondence with the sixth gear. Each of the fore- 
going sleeves is manually operated with a shift lever in 
the driver's cab via a shift fork and shift rod not shown. 
[0047] The wet multiplate clutch 3 is of an ordinary 
structure. In other words, although not illustrated in the 
diagrams, a plurality of clutch plates are mutually spline 
engaged at the input side and output side within the 
clutch casing filled with oil, and the connection/discon- 
nection of the clutch is performed by pressing together, 
or releasing, these clutch plates with the clutch piston. 
With reference to Fig. 2, the clutch piston 27 is constant- 
ly urged toward the disconnection side by the clutch 
spring 28, and the clutch 3 is connected when a hydrau- 
lic pressure exceeding such urge is applied to the clutch 
piston 27. The clutch connection power or the torque 
capacity of the clutch will increase in accordance with 
the applied hydraulic pressure. 

[0048] Next, described Is the hydraulic supplying de- 
vice for supplying a working hydraulic pressure to the 
wet multiplate clutch 3. As shown In Fig. 2. the oil in the 
oil tank 13 is aspired and discharged by the hydraulic 
pump OP via a filter 14, and the discharge pressure 
thereof Is adjusted with a relief valve 1 5 In order to create 
a stable line pressure PL. The oil of this line pressure 
PL is sent to the clutch 3 by performing pressure (de- 
pressurlzatlon) control, and two valves; namely, a clutch 
control valve CCV and a clutch solenoid vah^e CSV, are 
used therefor. In other words, a pilot operated hydraulic 
control system is adopted where the clutch control valve 
CCV connected to the main hydraulic line is opened/ 
closed in accordance with the piloted hydraulic pressure 
Pp set from the clutch solenoid valve CSV. And, the size 
of the piloted hydraulic pressure Pp is altered in accord- 
ance with the duty ratio (or duty) D of the duty pulse 
output from the electronic control unit (hereinafter re- 
ferred to as ECU) 16. 

[0049] That is, the clutch solenoid vah/e CSV is an 
electromagnetic valve having an electromagnetic sole- 
noid, and, in addition to being capable of opening/clos- 
ing continuously, the line pressure PL is constantly sup- 
plied thereto. This [clutch solenoid valve CSV] further 
receives the duty pulse output from the ECU 16, and 
opens the value in an amount corresponding to the duty 



ratio D thereof. The clutch solenoid valve CSV Is thereby 
able to output the piloted hydraulic pressure Pp in ac- 
cordance with the duty ratio D. 

[0050] The clutch control valve CCV is a spool valve 
5 capable of being opened/closed continuously based on 
the piloted hydraulk: pressure Pp, and this In itself is not 
electronteally controlled. In other words, the internal 
spool is stroked to the opening side in accordance with 
the size of the piloted hydraulic pressure Pp, and the 
'0 line pressure PL is suitably adjusted thereby and sent 
to the clutch 3 as the clutch pressure Pc. As a result of 
the above, the hydraulic pressure supplied to the clutch 
3 is duty controlled by the ECU 16. 
[0051 ] Moreover, an accumulator 1 7 is provided in the 
'5 middle of the path connecting the clutch solenoid valve 
CSV and the clutch control valve CCV. 
[0052] Fig. 3 shows a characteristic line diagram of 
the hydraulic supplying device. The horizontal axis rep- 
resents the duty ratio D of the duty pulse output from the 
20 ECU 1 6, and, more particularly is the on-duty ratio show- 
ing the ratio of the solenoid on-time in the prescribed 
control cycle (20msec in the present embodiment). In 
the present embodiment, the clutch is completely con- 
nected when the duty ratio D Is 0(%). This in order to 
2s maintain the motion of the vehicle by preserving the con- 
nected state of the clutch even In cases where no elec- 
tricity is provided to the clutch solenoid valve CSV (state 
of the so-called off stack) due to malfunctions of the 
electrical system or the like. 
30 [0053] As shown in Fig. 3, larger the duty ratio D. larg- 
er the connection, and smaller the duty ratio D, smaller 
the connection. This diagram depicts a tendency where 
smaller the value of the duty ratio D becomes, the value 
of the piloted hydraulic pressure Pp output from the 
35 clutch control valve CCV Increases proportionately, and 
the hydraulic pressure; that Is, the clutch pressure Pc, 
supplied to the clutch and the torque capacity Tc of the 
clutch 3 Increase proportionately. Moreover, although 
the valve opening degree V of the clutch control valve 
40 CCV is in three positions in the diagram, in reality, the 
spool valve will make a small stroke when opened fully 
or in the intennediate opening other than fully closed 
(valve opening degree of 0mm), and the clutch pressure 
Pc may be continuously changed thereby. 
45 [0054] Although the control system of a lockup clutch 
7 also exists in the present embodiment, the explanation 
thereof is omitted since it does not directly related to the 
present invention. The structure of the hydraulic control 
system thereof is approximately the same as the hy- 
50 draulic control system of the wet multiplate clutch 3. 
[0055] Next, the electronic control device for electron- 
ically controlling the power transmission device is ex- 
plained with reference to Fig. 4. In addition to the clutch 
solenoid valve CSV, the foregoing ECU 1 6 also has con- 
55 nected thereto various switches and sensors for elec- 
tronically controlling the device. This includes an engine 
revolution sensor 1 8 for detecting the engine revolution, 
a turbine revolution sensor 1 9 for detecting the revolu- 
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tion of the input side of the clutch; that is. the revolution 
of the turbine 6, a transmission revolution sensor 20 for 
detecting the revolution of the transmission T/M, repre- 
sentatively the revolution of the input sub gear 12. and 
a vehicle speed sensor 21 for detecting the vehicle 
speed. These sensors are also shown in Fig. 1 . Further, 
a parking brake switch 22 for detecting whether the 
parking brake is in use, a foot brake switch 23 for de- 
tecting whether the foot brake is in use, and a gear po- 
sition sensor 24 for detecting which gear position the 
transmission is in are also included. 
[0056] Moreover, a knob switch 25 is connected to the 
ECU 16. That is to say, in the present embodiment, in 
order to detect the timing of the gear operation started 
by the driver or to determine the timing of commencing 
the clutch disconnection, the shift knob Is mounted such 
that it is able to oscillate slightly in the shifting direction 
with respect to the shift lever in the driver's cab, and a 
knob switch 25 is provided between this lever and shift 
knob. And, when the shift knob oscillates prior to the 
operation of the lever at the time the driver operates the 
transmission, the knob switch 25 is turned on, and the 
clutch disconnection is started with this as the signal. 
The specific structure is the same as that described in 
Japanese Patent Laid-Open Publication No. 
H 11 -236931. 

[0057] Further, with the power transmission device of 
the present embodiment, a slope start auxiliary device 
(HSA; Hill Start Aid) illustrated in the aforementioned 
Publication is also provided, and an HSA switch 26 for 
manually turning on/off this device is provided in the 
driver's cab, and this HSA switch 26 is connected to the 
ECU 1 6. This HSA switch 26 is concurrently used as the 
trigger switch upon starting the torque point learning of 
the present invention, and the HSA in itself does not 
have significant meaning in the present invention. 
[0058] Next, the operation of the power transmission 
device according to the present embodiment is ex- 
plained. 

[0059] With this power transmission device, the pow- 
er of the engine E is transmitted to the fluid coupling 2, 
wet multlplate clutch 3, and transmission T/M In that or- 
der. In principle, the lockup clutch 7 is always turned on 
(connected) during motion after the start of the vehicle 
and turned off (disconnected) only when the vehicle is 
not in motion. Therefore, the creep of the fluid coupling 
2 can be used at the time the vehtele starts moving, and, 
in comparison to those electrically controlling the start 
of the friction clutch, the control Is simplified, and loss 
caused by slippage can be further prevented as the fluid 
coupling 2 is locked up when the vehicle Is in motion. 
The wet multlplate clutch 3 Is disconnected each time 
the gear is changed. This is the same as a standard MT 
vehicle. 

[0060] Foremost, the operation at the time the vehicle 
starts moving is explained. Let it be assumed that, while 
the vehicle is not in motion and the gear is in neutral, 
the driver operates the shift lever to a starting gear in 



order to start the vehicle. Then, in the shift lever, the 
knob switch 25 is turned on pursuant to the oscillation 
of the shift knob prior to the operation of the lever, and 
the clutch 3 is segmentalized with this as the signal. The 
5 transmission T/M is geared to the starting gear when the 
shift lever is further operated, and the clutch 3 is con- 
nected when this is detected with the gear position sen- 
sor 24. Since the turbine 5 can be stopped from the driv- 
ing wheel side pursuant to this connection, the pump 4 

10 slides against the turbine 5, and a creep is generated 
thereby. The vehicle will thereby move by merely releas- 
ing the brake or stepping on the accelerator. 
[0061] Next, the operation at the time of gear change 
while the vehicle is in motion Is explained. Let it be as- 

'5 sumed that, when the vehicle Is traveling in a prescribed 
gear, the driver operates the shift lever to the next gear 
in order to change gears. Then, the knob switch 25 is 
turned on pursuant to the oscillation of the shift knob 
prior to the operation of the lever, and the clutch 3 is 

20 segmentalized with this as the signal. The transmission 
T/M is geared to the starting gear when the shift lever Is 
further operated, and the clutch 3 is connected when 
this Is detected with the gear position sensor 24. The 
gear change is completed thereby. The lockup clutch 7 

2s Is left on during the gear change, and the engine power 
is transmitted to the clutch 3 as Is. 
[0062] Incidentally, connection of the clutch 3 is con- 
ducted at high speed (rapid connection) from complete 
disconnection to the vicinity of the torque point, and at 

30 low speed (gradual connection) from the vicinity of the 
torque point. The successful combination of reducing 
the connection shock and shortening the connection 
time is being sought by switching the connection speeds 
as described above. 

35 [0063] And, it is Important to know the position where 
the clutch begins to connect; that Is, the torque point 
which is capable of initially transmitting a prescribed 
torque. This is because the connection speed switching 
point is detennined based on this torque point. 

40 [0064] The torque point has individual differences and 
variances per clutch, and cannot be uniformly deter- 
mined. Regarding the present embodiment, as shown 
in Fig. 3, even if the same duty pulse is provided, nearly 
all cases deviate as shown with the arrow in the clutch 

45 torque capacity line diagram. Therefore, it is necessary 
to learn the torque point per clutch or per vehicle. Those 
controlling a conventional dry friction clutch are able to 
determine the torque point pursuant to the clutch stroke 
thereof. Nevertheless, the same method cannot be 

^0 adopted since the concept of stroke does not exit In the 
first place in a wet multiplate clutch as with the present 
invention. 

[0065] Thereby, in the present invention, the duty ratio 
value of the duty pulse output from the ECU 16 itself Is 
made the learned torque point value. This is described 
In detail below. 

[0066] Fig. 5 Is a time chart representing the contents 
of the torque point learning control according to the 
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present invention, whereby (a) shows the duty pulse 
output from the ECU 16, (b) shows the change of the 
duty ratio D thereof, (c) virtually shows the clutch stroke 
of the wet multiplate clutch 3 for ease of comprehension, 
and (d) shows the changes in the revolution of the en* 
gine E (engine revolution Ne) and the revolution of the 
turbine 5 (turbine revolution Nt). As shown in (a), the 
time cycle of the torque learning control is At, and At = 
20(msec) in the present embodiment. 
[0067] Foremost, let it be assumed that a prescribed 
learning condition is satisfied at time t1. Here, the duty 
ratio D = 100(%), and the clutch is completely discon- 
nected. Therefore, the turbine 5 revolves with the pump 
4, and theturbine revolution Nt coincides with the engine 
revolution Ne. Thereafter, leaming is commenced when 
a prescribed leaming starting condition Is satisfied at 
time t2. Initially, the duty ratio D Is lowered relatively 
largely to the connection side in order to mal<e the start 
duty DO = 60(%). This is in order to shorten the learning 
period. Needless to say, the value of the start duty DO 
is detemnined such that the clutch will not on no account 
reach the target torque point even if there are variances, 
but made to approach the torque point as much as pos- 
sible. In other words, D = 1 00 to 60(%) could be referred 
to as an invalid region (allowance) in the clutch, and the 
goal here is to connect such Invalid region at once in 
order to shorten the learning time. 
[0088] According to Fig. 3, the torque capacity re- 
mains at 0 when the duty ratio D moves from 1 00(%) to 
60(%). It is therefore advisable that this type of invalid 
portion be connected at once. The start duty DO is pre- 
determined based on experimental data as illustrated in 
Fig. 3. 

[0069] Next, after having completed the connection 
up to the point close to the torque point, the clutch con- 
nection speed is reduced extremely by making the con- 
nection width per cycle small. In other words, as shown 
In Fig. 5, the diminution of the duty ratio per cycle is given 
as the step duty Ds (0.048(%) in the present embodi- 
ment), and the duty ratio D is lowered one Ds at a time 
for each control performed. The duty D of each control 
perfonrned is a value of having deducted the step duty 
Ds from the previous value, and this is given as a grad- 
ual connection duty Dk. 

[0070] As described above, by gradually connecting 
the clutch, the turbine revolution Nt decreases against 
the engine revolution Ne. That is, the output side is 
stopped with the brake in a state where the gear of the 
transmission is in use, and the output side of the clutch 
is therefore unable to revolve. Contrarily, the pump 4 
continues to be driven by the engine E. Therefore, If the 
clutch Is connected further, the input side of the clutch; 
that is, theturbine 5, tries to stop and gradually reduces 
its revolution, and, simultaneously, the sliding between 
the pump 4 and the turbine 5 gradually Increases, and 
the turbine revolution Nt gradually decreases against 
the engine revolution Ne. 

[0071] Therefore, when the difference AN = Ne - Nt of 



these revolutions reaches a prescribed value Nm, the 
duty ratio D value at such time is learned by the ECU 
1 6 as the learned torque point value Dm. In the present 
embodiment, Nm = SOOrpm. More specifically, when the 

5 difference AN = Ne - Nt of engine revolution Ne detected 
with the engine revolution sensor 1 B and the turbine rev- 
olution Nt detected with the turbine detection sensor 19 
becomes a prescribed value Nm or more during the 
process of the ECU 16 slowly connecting the clutch by 

10 lowering the duty ratio D one step duty Ds at a time, the 
value of the duty ratio D of the duty pulse sent from the 
ECU 1 6 itself at such time is stored in the memory of the 
ECU 16 as the leamed torque point value Dm. 
[0072] The leaming Is substantially over upon storing 

IS such learned torque point value Dm, and the entire 
learning control (leaming mode) is ended upon com- 
pletely disconnecting the clutch thereafter. 
[0073] With reference to Fig. 3, assuming that the rev- 
olution difference AN becomes a prescribed value Nm 

20 or more for the first time when the duty ratio D = 50(%), 
for example, the torque capacity of the clutch 3 at such 
time is Tcm = approximately 200(Nm), and this will be 
the torque point. Since the torque capacity and the rev- 
olution difference AN is of a unique relationship even if 

25 the torque capacity line diagram deviates due to vari- 
ances in the clutch or the like, a point showing the same 
torque capacity Tcm can be detected so as long as a 
duty ratio D showing the same revolution difference Nm 
is detected. A fixed torque point can be constantly de- 

30 tected and learned regardless of the individual differenc- 
es in the clutch. 

[0074] Thus, according to the present invention, the 
torque point may be suitably learned even in a wet mul- 
tiplate clutch, and this may be employed in various 

35 clutch controls, such as for switching the connection 
speed upon accurately knowing (he torque point differ- 
ing for each clutch. And, by absorbing the variances and 
individual differences of the clutch or the control devices 
thereof, the wet multiplate clutch may be connected with 

40 the same feeling in any vehicle. 

[0075] Moreover, this learning is conducted after wait- 
ing a prescribed time upon detecting that the revolution 
difference AN became a prescribed value Nm or more. 
In other words, even if AN > Nm is detected, there are 

45 cases where this is caused by noise or the like, and an 
inaccurate learning value will be learned immediately af- 
ter the detection thereof, which will hinder the subse- 
quent clutch control. 

[0076] Therefore, if AN > Nm is still satisfied even after 
50 waiting a prescribed time after the detection, this will be 
deemed as correct, and leaming will be conducted. A 
highly reliable and accurate leaming value can be stored 

thereby. 

[0077] Specifically, as shown in Fig. 6, from the time 
55 AN ^ Nm is detected, white retaining the value of the 
duty D at such time, the elapse of a prescribed waiting 
time Atl = 1 (sec) longer than an ordinary control cycle 
At = 20(msec) is awaited, and, if AN > Nm is still satisfied 
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at the elapse of waiting time Atl , the retained duty value 
is stored as the learnmg value Dm. This method con- 
ducts the learning if AN ^ Nm at the beginning and end 
of the waiting time At1 . Alternatively, there is a method 
of conducting the learning if AN > Nm is constantly sat- 
isfied during the waiting time Atl . In either case, the 
learning is conducted after a prescribed time At1 longer 
than a prescribed cycle At elapses upon the detection 
of the turbine revolution Nt decreasing a prescribed rev- 
olution Nm against the engine revolution Ne. In addition, 
here, the waiting time Atl = 1 (sec) is an exemplification, 
and the length of the waiting time may be suitably 
changed. 

[0078] Moreover, preferably, as shown in Fig. 6, after 
the output of the start duty DO, such start duty DO is re- 
tained for a prescribed time At2 = 0.5(sec), and the out- 
put of the gradual connection duty D1 is conrunenced 
after the elapse of such time At2. That is, the output of 
the start duty D1 is commenced after waiting a pre- 
^ scribed time At2 after the output of the start duty DO. 

[0079] As described above, even if the start duty DO 
Is output, the pressing of the clutch plate will not begin 
until the clutch piston mal<es a small stroke (approxi- 
mately 2mm) in the allowance, and, therefore, some 
time will be required to obtain a connection state com- 
parable to the start duty DO. Contrarily, a connection 
state comparable to the start duty DO cannot be ob- 
tained within a short time of At = 20(msec). Since this 
kind of response delay occurs, if the output of the grad- 
ual duty is commenced (from the subsequent control) 
Immediately after the output of the start duty, the devia- 
tion of the response delay portion will constantly be car- 
ried over during the gradual connection, and there Is a 
possibility that a value closer to the connection side will 
be learned instead of the true torque point upon such 
learning. This will lead to a problem of the clutch con- 
nection shock becoming large since the learning value 
deviating toward the connection side will also be used 
in a standard clutch connection control. 
( [0080] Thereby, by retaining the start duty DO after the 

output thereof and commencing the output of the grad- 
ual connection duty Dk after the elapse of a prescribed 
time At2 = 0.5(sec) longer than a control cycle At = 20 
(msec), the Initial stroke of the clutch piston will be com- 
pleted within such time At2 and the gradual connection 
of the clutch can be commenced upon obtaining the con- 
nection state comparable to the start DO. Thus, the re- 
sponse delay may be absorbed, an accurate learning 
value corresponding to the true torque point may be 
learned, and a large connection shock even in an ordi- 
nary clutch connection control may be prevented. More- 
over, time At2 = 0.5(sec) is an exemplification, and may 
be suitably changed. 

[0081] According to the present leaming method de- 
scribed above, since learning is conducted after a pre- 
scribed time elapses from the detection of the turbine 
revolution decreasing a prescribed revolution against 
the engine revolution, an accurate torque point may be 



learned, and the reliability will thereby increase. 
[0082] Further, since the output of the gradual con- 
nection duty is commenced after a prescribed time 
elapses after the start duty Is output, the response delay 
5 may be absorbed during clutch connection, an accurate 
learning value corresponding to the true torque point 
may be leamed, and a large connection shock even in 
an ordinary clutch connection control may be prevented. 
[0083] Incidentally, the clutch connection control after 
10 the learning of the torque point is as follows. In other 
words, in a state where the clutch is disconnected at du- 
ty ratio D = 100(%), the duty ratio of the value (large 
value) slightly on the disconnection side in comparison 
to the leamed torque point value Dm is foremost provid- 
f5 ed to the clutch solenoid valve CSV. This is referred to 
as a single connection control. The invalid portions of 
the clutch are rapidly connected thereby, and the con- 
nection time may be shortened. In this state, preferably, 
after waiting a prescribed time, the duty ratio Is subtract- 
20 ed in small step duties. The clutch Is gradually connect- 
ed as a result thereof, and the clutch connection shock 
may be prevented thereby. 

[0084] Next, the contents of the torque point learning 
control are described in detail with reference to Fig. 8. 
25 Fig. 8 is a condition transition diagram showing the tran- 
sition of the clutch control phase. 
[0085] Torque point learning may be conducted arbi- 
trarily pursuant to the intention of the driver. When the 
driver wishes to conduct such learning, the driver fore- 
go most operates the shift lever into neutral(N). In the 
present device, since the clutch is disconnected when 
the gear is in neutral during a standard control of a 
clutch, and connected when the gear is operated, the 
clutch will automatically disconnect by operating the 
35 shift lever to N. 

[0086] This condition is referred to as the clutch com- 
plete disconnection phase 101 as shown in Fig. 8. In 
other words, a duty DO = 100(%) is output from the ECU 
16 at such time, and the clutch is thereby completely 
40 disconnected. 

[0087] Next, when a prescribed condition Is satisfied 
from this state, the routine enters the leaming mode, and 
proceeds to the learning complete disconnection phase 
1 02. The transition condition T1 at such lime satisfies: 

(1) Stopped vehtele (vehicle speed - Okm/h); 

(2) Transmission T/M Is in neutral; 

(3) Engine E Is in the vicinity of an idling revolution 
(Ne = 300 to BOOrpm. the idling revolution in the 

^0 present embodiment Is BOOrpm); 

(4) Parking brake is in use; 

(5) Foot brake Is in use; 

and, while maintaining the foregoing state, 

(6) the HSA switch 26 is turned on. 

>5 

In this phase also, the clutch is completely disconnect- 
ed; that is, duty D = 1 00(%) is constantly output from the 
ECU. and the complete disconnection of the clutch is 
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maintained. Moreover, since the foot bral<e is being 
stepped on pursuant to condition (5) above, the accel- 
eration is in a released state, and, unless the engine is 
making an extreme fast idling operation, ordinarily, con- 
dition (3) will be satisfied. Other conditions may be suit- s 
ably added to this transition condition T1 . 
[0088] Satisfaction of the learning condition of time t1 
in Fig. 5 and Fig. 6 implies the satisfaction of the afore- 
mentioned transition condition T1. In Fig. 5 and Fig. 6, 
the clutch is completely disconnected pursuant to the io 
clutch complete disconnection phase 101 prior to time 
t1 , and the clutch is completely disconnected pursuant 
to the learning complete disconnection phase 102 after 
time t1 . 

[0089] Next, the routine proceeds to the learning is 
gradual connection phase 1 03 when the transition con- 
dition 12 from this learning complete disconnection 
phase 1 02 is satisfied. The transition condition phase 
T2 implies that: 

20 

(1 ) The transmission T/M has been put into second 
gear. 

In other words, when the driver operates the gear 
into second gear from the state of the learning com- 
plete disconnection phase 102, the routine pro- 
ceeds to the learning gradual connection phase 
103, and the clutch connection is automatically 
commenced. In other words, the gear change into 
the second gear is the signal for commencing the 
learning. Moreover, conditions may also be suitably 30 
changed or added in this transition condition T2. 
The second gear is an exemplification, and any 
gear may be used so as long as the output side of 
the clutch can be stopped with the brake. Neverthe- 
less, the gear must be operated in one of the gears. 35 
Since the vehicle (truck or the like) in the present 
embodiment often starts in second gear, the second 
gear Is used in the leamtng since this Is realistic. 

[0090] Satisfaction of the learning condition of time t2 40 
in Fig. 5 and Fig. 6 implies the satisfaction of the afore- 
mentioned transition condition T2. As also shown In Fig. 
5, at the learning gradual connection phase 103, the 
clutch is connected in a relatively broad manner after 
initially outputting the start duty DO = 60(%) from the 4S 
ECU 1 6, and, preferably as also shown in Fig. 6, the 
start duty DO = 60(%) is retained for a prescribed time 
At2 = 0.5(sec), the duty ratio D is reduced by a step duty 
Ds = 0.048(%) at a time for each control thereafter, and 
the clutch is gradually connected thereby. so 
[0091] The routine proceeds to the learning stop 
phase 1 04 when the transition condition T3 from this 
learning gradual connection phase 103 is satisfied. The 
transition condition phase T3 implies that: 

55 

(1) The revolution difference AN = Ne - Nt of the 
engine revolution Ne and turbine revolution Nt be- 
came a prescribed value Nm = 300(rpm) or more. 



At this learning stop phase 104. the duty ratio D when 
(1 ) is satisfied is retained for a prescribed time (plurality 
of cycles) in order to retain the clutch in the current con- 
dition. The duty ratio D at such time is temporarily incor- 
porated in the ECU 16. and judged is whether this value 
is the normal value as the learning value by comparing 
prescribed conditions. If normal, this value is newly 
learned as a new learning value Dm. The old learning 
value stored previously will be deleted at such time. 
[0092] In addition, preferably, as also shown in Fig. 6. 
the duty D at the time (1) is satisfied is retained for the 
aforementioned waiting time Atl = 1 (sec) in order to re- 
tain the clutch in the current condition, judged is whether 
condition (1 ) is satisfied once again simultaneously with 
the elapse of the waiting time At1 , and, if satisfied, the 
value of such duty D is temporarily Incorporated in the 
ECU 1 8. Then, judged is whether this value is the nomnal 
value as the learning value by comparing prescribed 
conditions, and, if normal, this value is newly learned as 
a new learning value Dm. The old learning value stored 
previously will be deleted at such time. 
[0093] Moreover, conditions other than (1 ) above may 
also be suitably adopted with respect to this transition 
condition 3. Condition (1 ), when the engine is at an idling 
revolution = 600(rpm), 

(1)' may be rephrased such that the turbine revolu- 
tion Nt became less than 1/2 of the engine revolu- 
tion Ne. Or, condition (1) may be replaced with: 
(1)''a condition of the engine revolution Ne de- 
creasing a prescribed revolution. 

The reason for this is because the engine revolution Ne 
will decrease by being dragged pursuant to the de- 
crease of the turbine revolution Nt, and the torque learn- 
ing point may be determined upon viewing the degree 
of decrease in the engine revolution Ne. For example, 
the diminution of the engine revolution Ne is set to 50 
(rpm). 

[0094] Next, the routine proceeds to the teaming com- 
pletion phase 1 05 when the transition condition T4 from 
this learning stop phase 104 is satisfied. The transition 
condition phase T4 implies that: 

(1) In addition to the condition of a normal comple- 
tion of the learning of the learned torque point value 
Dm; 

the satisfaction of any one of the following condi- 
tions: 

(2) The vehicle started moving (vehicle speed it 
Okm/h); 

(3) The knob switch of the first, third or fifth gear is 
turned on; 

(4) The engine revolution became close to the idling 
revolution (Ne < 300rpm or > OOOrpm); 

(5) The parking brake is no longer in use; or 

(6) The foot brake Is no longer in use. 



10 



\ 



19 



EP 1 243 806 A2 



20 



Conditions (2) through (6) particularly imply that It is not 
an appropriate situation for implementing the learning, 
and, even at the time the conditions of the learning com- 
plete disconnection phase 102 and learning gradual 
connection phase 103 are satisfied, the routine pro- 
ceeds to the learning completion phase 105. In other 
words, transition conditions T6 and T5 from the learning 
complete disconnection phase 1 02 and learning gradual 
connection phase 1 03 to the learning completion phase 
1 05 are equal to T4. There are various other conditions 
that are inappropriate in implementing the learning. 
[0095] At the teaming completion phase 1 05, duty D 
= 100(%) is output from the ECU 16 in order to com- 
pletely disconnect the clutch. The transition condition T7 
is satisfied pursuant to this output, and the routine exits 
the learning mode and returns to the standard control, 
and arrives at the control stop mode 1 06. At the control 
stop mode 106, although the complete disconnection of 
the clutch is maintained by maintaining the duty D = 100 
(%), this will yield a condition differing from an ordinary 
situation where the gear Is in second but the clutch Is 
disconnected. This, however, will retum to the ordinary 
control by the driver placing the gear In neutral. 
[0096] The torque point learning method was de- 
scribed in detail above and, now, the contents of a stand- 
ard clutch connection control and the correction of con- 
trol value are explained based on the learned torque 
point value obtained above. Here, the control Is basically 
an open control, and. the ECU 16 outputs a duty pulse 
in accordance with a prescribed predetermined program 
as shown in Fig. 9, and the clutch is connection In ac- 
cordance therewith. 

[0097] Fig. 9 is a time chart representing the contents 
of the clutch connection control. The horizontal axis is 
time t, and the vertical axis Is the duty ratio D output from 
the ECU 16. The solid line is a line diagram to be the 
base prior to correction, and the broken line is a line di- 
agram (after-correction 1 , 2) of two pattems after-cor- 
rection. 

[0098] Foremost, the standard clutch connection con- 
trol is explained in the base. The signal connection duty; 
that Is. the start duty DstO, InltlaHy output from the com- 
pletely disconnected state (D = 1 00(%)), the end duty 
DedO which detenmines the end of the gradual connec- 
tion of the clutch, and a step duty DsO which is the dim- 
inution width of each control cycle are selected from a 
map previously stored In the ECU 1 6. The map Is pre- 
pared in advance based on experiments or the like such 
that the various optimum values reflecting the driving 
condition of the vehicle may be obtained. Further, the 
base width of the learned torque point value Is stored In 
the ECU 16 beforehand as Dtb. Here, Dtb = 53.5(%). 
[0099] With the clutch connection control In this case, 
the start duty DstO is initially output from a completely 
disconnected state (D = 100(%)), and, after the imple- 
mentation of a single connection, the duty ratio is re- 
duced one step duty DsO at a time, and the connection 
Is conducted in a half clutch. And, upon reaching the 



end duty DedO, D = 0{%) is output in order to completely 
connect the clutch. 

[0100] In addition, preferably, as shown in Fig. 1 0, af- 
ter connecting the clutch (single connection) up to a 

5 point close the torque point upon initially outputtirig the 
start duty DstO from the completely disconnected state 
(D = 100%), the start duty DstO is retained for a pre- 
scribed time At3 and reduced by one step duty DsO at 
a time in order to conduct the gradual connection in a 

10 half clutch. And, upon reaching the end duty DedO, D = 
0{%) is output in order to completely connect the clutch. 
As clear from the diagram, the start duty DstO is a value 
slightly to the disconnection side (large) in comparison 
to the base value Dtb of the learned torque point value, 

'5 and the clutch is thereby connected at once up to a point 
close to the torque point. 

[0101] Similar to the above, the control cycle is At = 
20(msec). The diminution cycle pursuant to the step du- 
ty DsO; that is, the diminution cycle Ats of the gradual 

^0 connection duty Dk may be made equivalent to the con- 
trol cycle At, or may be made equivalent to a plurality of 
cycles (3 cycles = 3At for example). Including the fore- 
going cases, the waiting time AtS after the start duty Is 
longer in comparison to the diminution cycle Ats. For ex- 

25 ample, At3 is 0.2(s) upon an upshift, and 0.5(s) upon a 
downshift. Since the gradual connection will be com- 
menced after the elapse of a sufficient waiting time At3 
after the output of the start duty, the response delay of 
the clutch may be absorbed as in the case of learning. 

30 Moreover, when making the diminution cycle Ats of the 
gradual duty Dk equivalent to a plurality of control cycles 
nA (n Is an integral number of 2 or more), the value of n 
may be selected from the map. 

[0102] The step duty DsO is set to be a value larger 
35 than the step duty Ds during the jeaming, or, in other 
words, the gradual connection of the clutch is conducted 
more slowly during teaming than nomrial. Nonnally, the 
overall connection time Is approximately 1 to 3 seconds, 
but a longer time; for example, approximately 5 to 6 sec- 
^0 onds, Is used for the connection during the learning. 
[0103] Meanwhile, pursuant to the implementation of 
the torque point learning, the learned torque point value 
is renewed to DItl, which is smaller than the base value 
Dtb (after-con^ectlon 1 ). Then, the start duty and end du- 
^5 ty are corrected as follows, and the duty line diagram 
becomes the base line diagram moved parallel to the 
connection side as shown with the broken line of after- 
correction 1 . 

[0104] In other words, foremost, the difference ADse 
50 = DstO - DedO of the start duty DstO and end duty DedO 
for prescribing the half clutch connection range, and the 
difference A = Dtb - DItl (> 0) of the base value Dtb and 
renewal value Dfti of the learned torque point value are 
calculated. Then, the start duty Dst1 after-correction is 
>s calculated based on the formula of: 

Dsti = DstO - A, 
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and the end duty Dedl after-correction is calculated 
based on the fomnula of: 

Ded1 = Dsti - ADse. 

The clutch connection control of after-correction 1 is im- 
plemented by employing the start duty Dst1 and end du- 
ty Dedl . The subsequent clutch connection control, sim- 
ilar to the above, employs the base value of the start 
duty and end duty obtained from the map for each con- 
trol upon correcting it based on the difference A of the 
base value Dtb and renewal value DItl of the learned 
torque point value. 

[0105] After-connection 1 Is an example where the re- 
newal value DItl of the learned torque point value be- 
came smaller than the base value Dtb, and, contrarily, 
after-correction 2 is an example where the renewal val- 
ue Dlt2 became larger than the base value Dtb. 
[0106] In the case of this after-con-ection 2, similarly, 
the difference ADse = DstO - DedO of the start duty DstO 
and end duty DedO, and the difference B = Dtb - Dlt2 (< 
0) of the base value Dtb and renewal value Dtt2 of the 
learned torque point value are calculated. Then, the 
start duty after-correction is calculated based on the for- 
mula of: 

Dst2 = DstO - B. 

and the end duty after-correction Is calculated based on 
the formula of: 

Ded2 = Dst2 - ADse. 

The clutch connection control of after-correction 2 is im- 
plemented by employing the start duty Dst2 and end du- 
ty Ded2. The subsequent clutch connection control also 
employs the base value of the start duty and end duty 
obtained from the map for each control upon correcting 
It based on the difference B of the base value Dtb and 
renewal value Dlt2 of the learned torque point value. 
(01 07] Further, embodiments of the present Invention 
are not limited to the above. For example, as the learn- 
ing method, contrary to the method of gradually con- 
necting the clutch as shown in Fig. 5 and Fig. 6, there 
is a method of gradually disconnecting the clutch, in this 
case, as shown in Fig. 7, the clutch Is completely con- 
nected simultaneously (time t2) with the satisfaction of 
the learning commencement condition, and, after 
broadly disconnecting the clutch upon outputting a start 
duty DO (40% for example), the clutch is gradually dis- 
connected upon increasing the duty ratio D one step du- 
ty Ds at a time. And, when the difference N of the engine 
revolution Ne and turbine revolution Nt becomes a pre- 
scribed value Nm or less, the ECU 16 learns the value 
of the duty ratio at such time as the learned torque point 



value Dm, 

[0108] Preferably, similar to the above, the waiting 
time is set to At2 at the time the start duty DO is output, 
and, when the difference N of the engine revolution Ne 
5 and turbine revolution Nt becomes a prescribed value 
Nm or less, similar to the above, the waiting time is set 
to Atl. 

[0109] Next, another mode of a standard clutch con- 
nection control is explained with reference to Fig. 1 1 and 

10 Fig. 13. The control here is also an open control, and, 
the ECU 16 outputs a duty pulse in accordance with a 
prescribed predetemiined program as shown in Fig. 11 , 
and the clutch is connection In accordance therewith. 
[0110] In Fig. 11 , the horizontal axis is time t, and the 

15 vertical axis is the duty D output from the ECU 1 6. Con- 
trol is performed each prescribed control cycle At = 
20msec. Here, assumed is a case of a so-called garage 
shift upon starting the vehicle; that Is, a state where the 
driver operates the shift from neutral to the starting gear 

20 while the brake is in use and the vehicle is in an idling 
state, and a creep is generated as a result of the clutch 
being connected. In Fig. 13. the horizontal axis Is time 
t, and the vertical axis Is the revolution, and the engine 
revolution Ne is shown with a solid line, and the clutch 

55 revolution Nt Is shows with a chain line. The engine rev- 
olution Ne is steady at an idling revolution = 600rpm, 
and, since the gear is in neutral and the clutch is com- 
pletely disconnected during the initial stage, the pump 
and turbine of the fluid coupling revoh/e together, and 

30 the clutch revolution Nt coincides with the engine revo- 
lution Ne. 

[0111] As shown in Fig. 11 , the gear-in is completed 
at time tO, and a gear-In signal is sent from the gear po- 
sition sensor 24 to the ECU 1 6. Then, a single connec- 
ts tlon duty; that Is. the start duty Dst Is initially output from 
the ECU 16 during a completely disconnected state (D 
= 1 00{%)), and a single connection control is implement- 
ed thereby. The start duty Dst Is constantly predeter- 
mined so as to prevent the generation of an excess 
40 clutch connection shock in consideration of the clutch 
being broadly connected up to a point close to the torque 
point and variances in the torque point. In the example 
of Fig. 1 1 , even if the optimum start duty value, Dst2' for 
example, deviates to the utmost disconnection side due 
45 to disturbances such as individual differences of the 
clutch, driving condition, change in properties with time 
or the like, the start duty Ds is exponentially or experi- 
mentally determined so as to be such deviated value or 
more. Moreover, the start duty Ds is also a value in the 
50 vicinity of , or which approaches, the learned torque point 
value DIt. In the present embodiment, Dst = 60%. Thus, 
in the present invention, a single connection can be Im- 
plemented up to a position farther from the torque point 
in comparison to prior inventions. 
'*5 [0112] Meanwhile, after the start duty Dst is output, 
this start duty Dst is retained for a prescribed time At3 
(0.2(sec) during an upshift and 0.5(sec) during a down- 
shift in the present embodiment), and the output of the 
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first gradual connection Ok1 is commenced after the 
elapse of such time At3. The reason for waiting the 
elapse of the prescribed time AtS is because, as de- 
scribed above, even if the start duty Dst is output, the 
pressing of the clutch plate will not begin until the clutch 
piston makes a small stroke (approximately 2mm) in the 
allowance, and, therefore, there is a response delay in 
which a connection state comparable to the start duty 
Dst cannot be immediately obtained. By waiting the 
aforementioned time Atl , the response delay can be ab- 
sorbed, and the subsequent gradual connection control 
can be performed as aimed. 

[0113] The output of the first gradual connection duty 
Dk1 is commenced at time t1 after the elapse of time 
At3. The first gradual connection duty Dkl is a duty 
wherein the clutch Is gradually connected In a relatively 
fast speed, and Is a value obtained by decreasing the 
first step duty Dsl from the previous duty value. In other 
words, the first step duty Dsl is set to a relatively large 
value, and here it is 0.4%. Here, as described above, 
the duty is decreased one step duty Ds1 at a time in 
order to conduct a first gradual connection at a speed 
faster than the gradual connection of prior inventions. 
Further, the diminution cycle Atk1 of the gradual con- 
nection duty Dkl is made equal to one control cycle At 
in the present embodiment, but this, for example, may 
be made equal to a plurality of control cycles nAt. 
[01 1 4] When conducting this type of fast gradual con- 
nection, as shown in Fig. 13, the turbine revolution Nt 
will eventually decrease against the engine revolution 
Ne. And when this diminution or revolution difference 
reaches a prescribed value Nk or more, the gradual con- 
nection speed at such time t2 is switched to a slower 
speed. In the present embodiment, Nk = 200rpm. 
[0115] As shown in Fig. 11 , the output of the second 
gradual connection duty Dk2 is commenced at time t2. 
The second gradual connection duty Dk2 is a duty 
wherein the clutch is gradually connected In a relatively 
slow speed, and is a value obtained by decreasing the 
second step duty Ds2 from the previous duty value. The 
second step duty Ds2 is set to a relatively small value, 
and here It Is 0.02%. Here, as described above, the duty 
is decreased one step duty Ds2 at a time In order to con- 
duct a second gradual connection at the same speed as 
with the gradual connection of prior inventions. Further, 
the diminution cycle Atk2 of the gradual connection duty 
Dk2 is made equal to one control cycle At in the present 
embodiment, but this, for example, may be made equal 
to a plurality of control cycles nAt. 
[01 16] Pursuant to this type of slow gradual connec- 
tion, as shown In Fig. 13, the turbine revolution Nt further 
decreases against the engine revolution Ne. And, when 
the revolution difference AN = Ne - Nt reaches Nke 
(300rpm in the present embodiment) or more (time t3), 
complete connection duty Dc = 0% is output from such 
time, and the clutch Is completely connected at once. 
As shown In Fig. 6, the turbine revolution Nt also de- 
creases to 0, and a start-standby creep is generated 



thereby. 

[0117] Accordingly, with the present control method, 
since the start duty Dst is detennined as described 
above, excess clutch connection shock will not occur 

5 due to the single connection even if the optimum start 
duty value deviates to the utmost disconnection side 
due to disturbances of individual difference or the like. 
And, since a fast gradual connection is conducted, it is 
possible to immediately catch up with the level of the 

10 prior invention even if the single connection is ended at 
a position farther than the prior invention with respect to 
the torque point, and it Is thereby possible to prevent a 
time lag. Here, a connection shock will not occur even 
upon conducting this type of fast gradual connection. 

IS This is because the fast gradual connection is only con- 
ducted up to the stage of initial connection. Within the 
range where the difference between the engine revolu- 
tion Ne and the turbine revolution Nt is Nke = 300rpm 
or less, even if the connection is somewhat fast, this will 

^0 not emerge as a shock that will be felt by the driver. This 
implies that the problem of connection shock is also 
overcome. After the completion of this fast gradual con- 
nection, a slow gradual connection is conducted as with 
the prior invention, and the clutch may be smoothly con- 

25 nected while preventing the connection shock. 

[0118] Thus, according to the control method of the 
present invention, redundancy can be maintained and 
the successful combination of the time lag and shock at 
the time of clutch connection can be sought even when 

30 the optimum starting duty value varies or deviates due 
to disturbances. Particularly when the vehicle starts 
moving, the garage shock and time lag can be effective- 
ly prevented, thereby enabling a smooth start. 
[0119] Next, the contents of the clutch control are ex- 

35 plained with reference to the flowchart shown in Fig. 12. 
[01 20] This flow is started when a gear-in signal is in- 
put to the ECU 1 6. Foremost, at step 1 01 , the duty D 
output from the ECU 1 6 Is given as start duty Dst = 60%. 
Although the elapse of a prescribed time AtS Is waited 

40 thereafter, this point is omitted in the Illustrated flow- 
chart. Next, at step 102, judged is whetherthe difference 
AN of the engine revolution Ne andtheturblne revolution 
Nt (= Ne - Nt) is prescribed value = 200rpm or more. The 
routine proceeds to step 103 since this will not apply in 

45 the initial stage, and the duty D output this time is given 
as a value haying deducted the first step Dsl = 0.4% 
from the previous value (D - Dsl). Eventually, at step 
1 02, AN ^ Nk will be satisfied. Then the routine proceeds 
to step 104 in order to judge whetherthe revolution AN 

50 became Nke = 300rpm or more, or whether the turbine 
revolution Nt became Ntke = 200rpm or less. In other 
words, in addition to the foregoing condition of AN ^ Nke, 
the gradual connection speed is switched to a lower 
speed when the condition of Nt > Ntke is satisfied. This 

55 is because there are cases where the turbine revolution 
Nt becomes lower than Ntke prior to the revolution AN 
becoming more than Nke, for example, when the engine 
revolution is lower than a standard idling revolution. As 
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none of the conditions will be satisfied in the initial stage, 
the routine proceeds to step 105, and the duty D output 
this time Is given as a value having deducted the second 
step duty Ds2 = 0.02% from the previous value. Even- 
tually, at step 1 04, the condition of AN > Nke or Nt > Ntke 5 
is satisfied. Then the routine proceeds to step 1 06. and 
the duty D to be output is given as the connection com- 
pletion duty Dc = 0%, thereby ending the flow. 
[0121] Each of the foregoing numerical values may be 
suitably changed. Moreover, the clutch does not have io 
to be necessarily connected from a completely discon- 
nected state, and the present Invention may also be ap- 
plied to this case. 

[0122] Various other embodiments of the present in- 
vention may be considered. Although the wet friction is 
clutch referred to in the present invention was a multi- 
plate clutch In the foregoing embodiments, this may also 
be, for example, a single plate clutch. Further, although 
the fluid pressure referred to in the present invention 
was a hydraulic pressure, this may also be, for example, 
another fluid pressure such as pneumatic pressure. Al- 
though the transmission referred to In the present inven- 
tion was a constantly engaged manual transmission in 
the foregoing embodiments, this may also be a con- 
stantly engaged automatic transmission, or a planetary 
gear automatic transmission as in an AT vehicle. The 
engine may also be diesel, gasoline, or other types. 
[0123] According to the present Invention as de- 
scribed above, a superior effect is yielded where the 
torque point may be suitably learned even in a wet mul- 30 
tiplate clutch. 

[0124] Moreover, according to the present invention 
as described above, a superior effect is yielded of being 
able to absorb the response delay during the clutch con- 
nection, accurately learn the true torque point during the 35 
torque point learning, and prevent a large clutch con- 
nection shocic during an ordinary clutch connection con- 
trol. 

[0125] Further, according to the present invention as 
described above, a superior effect is yielded where re- 40 
dundancy can be maintained and the successful com- 
bination of the time lag and shock at the time of clutch 
connection can be sought even when the optimum start- 
ing duty value varies or deviates due to disturbances. 
[0126] The present invention claims priority on Japa- 
nese Patent Application No. 2001-085303 filed on 
March 23, 2001; Japanese Patent Application No. 
2001-085304 filed on March 23, 2001; and Japanese 
Patent Application 2001-093252 filed on March 28, 
2001 , wherein the contents thereof are fully incorporat- so 
ed herein. 



Claims 

55 

1 . A method of learning a torque point of a clutch in a 
power transmission device of a vehicle in which a 
wet friction clutch is provided in the middle of a pow- 



er transmission path extending from the engine up 
to the transmission, so that the disconnection/con- 
nection state of the wet friction clutch is controlled 
in accordance with the duty ratio of the duty pulse 
output from an electronic control unit, 

wherein, when said electronic control unit Is 
caused to learn a torque point at which a prescribed 
torque Is transmitted Initially while the wet friction 
clutch is being connected from the disconnected 
state thereof, the value of the duty ratio of the duty 
pulse output from said electronic control unit is 
learned as the torque point. 

2. A method of learning a torque point of a clutch in a 
power transmission device of a vehicle in which a 
fluid coupling at the upstream side and a wet friction 
clutch at the downstream side are provided In series 
in the middle of a power transmission path extend- 
ing from the engine up to the transmission; a hy- 
draulic supplying device is provided for supplying a 
working fluid pressure to the wet friction clutch; and 
the hydraulk: pressure supplied from said hydraulk: 
supplying device is changed in accordance with the 
duty ratio of the duty pulse output from an electronic 
control unit, for thereby controlling the disconnec- 
tion/connection state of the wet friction clutch, 

wherein, when said electronic control unit is 
caused to learn a torque point at which a prescribed 
torque is transmitted initially while the wet friction 
clutch is being connected from the disconnected 
state thereof, said duty ratio is changed, while de- 
tecting the revolution of the input side of said wet 
friction clutch and the revolution of said engine, for 
gradually connecting said wet friction clutch from 
the disconnected state thereof, and, when the rev- 
olution of the input side of said wet friction clutch 
becomes less than said engine revolution by a pre- 
scribed value of revolution during the foregoing 
process, the value of said duty ratio at this time Is 
learned as the torque point. 

3. A method of learning a torque point of a clutch In a 
power transmission device of a vehicle in which a 
fluid coupling at the upstream side and a wet friction 
clutch at the downstream side are provided In series 
in the middle of a power transmission path extend- 
ing from the engine up to the transmission; a hy- 
draulic supplying device is provided for supplying a 
working fluid pressure to said wet friction clutch; and 
the hydraulic pressure supplied from said hydraulic 
supplying devtee Is changed in accordance with the 
duty ratio of the duty pulse output from an electronk: 
control unit, for thereby controlling the disconnec- 
tion/connection state of said wet friction clutch, 

wherein, when said electronic control unit is 
caused to learn a torque point at which a prescribed 
torque Is transmitted initially while said wet friction 
clutch is being connected from the disconnected 
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State thereof, said duty ratio is changed, while de- 
tecting the revolution of said engine, for gradually 
connecting said wet friction clutch from the discon- 
nected state thereof, and, when the revolution of the 
engine has dropped by a prescribed revolution dur- s 
ing the foregoing process, the value of said duty ra- 
tio at this time is learned as the torque point. 

A method of leaming a torque point of a clutch in a 
power transmission device of a vehicle in which a 
fluid coupling at the upstream side and a wet friction 
clutch at the downstream side are provided in series 
in the middle of a power transmission path extend- 
ing from the engine up to the transmission; a hy- 
draulic supplying device is provided for supplying a is 
working fluid pressure to said wet friction clutch ; and 
the hydraulic pressure supplied from said hydraulic 
supplying device is changed in accordance with the 
duty ratio of the duty pulse output from an electronic 
control unit, for thereby controlling the disconnec- 
tion/connection state of said wet friction clutch, 

wherein, when said electronic control unit Is 
caused to learn a torque point at which a prescribed 
torque is transmitted initially while said wet friction 
clutch is being connected from the disconnected 
state thereof, said duty ratio Is changed, while de- 
tecting the revolution of the input side of said wet 
friction clutch and the revolution of said engine, for 
gradually connecting said wet friction clutch from 
the disconnected state thereof, and, when a differ- 30 
ence between the revolution of the input side of said 
wet friction clutch and the revolution of said engine 
has become a value within a prescribed range of 
revolutions during the foregoing process, the value 
of said duty ratio at this time is learned as the torque 35 
point. 

The method of leaming a torque point according to 
any one of claims 1 to 4, wherein the starting con- 
dition of said torque point learning includes the con- 40 
ditions of a stopped vehicle, parking brake In use, 
foot brake in use, and transmission in use. 

A clutch control method for controlling the discon- 
nection/connection of a clutch by altering the work- 
ing fluki pressure for driving the disconnection/con- 
nection of a wet friction clutch In accordance with 
the duty pulse output from the electronic control 
unit, comprising the steps of: 

50 

outputting, from the electronic control unit, a 
prescribed start duty such that the clutch is in- 
itially connected broadly up to close to the 
torque point, when connecting the clutch from 
a disconnected state; ss 
then outputting. from the electronic control unit 
In prescribed time Intervals, such a prescribed 
gradual connection duty as to gradually con- 



. nect the clutch; 
retaining the start duty after said start duty is 
output; and 

commencing the output of said gradual connec- 
tion duty after a predetermined time longer than 
said prescribed time elapses. 

7. A method of learning a torque point of a clutch in a 
power transmission device of a vehicle in which a 
fluid coupling and a wet friction clutch are provided 
in series in the middle of a power transmission path 
extending from the engine up to the transmission, 
so that the disconnection/connection state of said 
clutch is controlled by changing the working fluid 
pressure for controlling the disconnection/connec- 
tion of said clutch in accordance with the duty ratio 
of the duty pulse output from an electronic control 
unit, comprising the steps of: 

when said electronk: control unit is caused to 
learn a torque point at which a prescribed 
torque is transmitted Initially while said wet fric- 
tion clutch is being connected from the discon- 
nected state thereof, detecting the revolution of 
the input side of said clutch and the revolution 
of said engine, respectively; 
Initially outputting, from the electronic control 
unit, a start duty such that the clutch Is connect- 
ed broadly up to a point close to the torque 
point; 

then outputting. from the electronic control unit, 
a prescribed gradual connection duty in pre- 
scribed time intervals such that the clutch is 
connected gradually; 

retaining the start duty after said start duty is 
output, and commencing the output of said 
gradual connection duty after a predetermined 
time longer than said prescribed time elapses; 
and 

when the revolution of the input side of said 
clutch becomes less than said engine revolu- 
tion by a prescribed value of revolution during 
the foregoing process, leaming the duty ratio at 
this time as the torque point. 

8. The method of leaming a torque point of a clutch 
according to claim 7, wherein said learning is con- 
ducted after a predetermined time that is longer 
than said prescribed time elapses from the time the 
decrease in said prescribed revolution Is detected. 

9. A clutch control method for controlling the discon- 
nection/connection of a clutch by altering the work- 
ing fluid pressure for driving the disconnection/con- 
nection of a wet friction clutch In accordance with 
the duty pulse output from the electronic control 
unit. 

wherein, when said clutch is connected from 
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the disconnected state thereof, a start duty is first 
output from the electronic control unit, said start du- 
ty being predetennined such that the clutch is con- 
nected broadly up to a point close to the torque point 
and the generation of excess clutch connection s 
shock Is constantly avoided in consideration of var- 
iances of the torque point; 

a first gradual connection duty is then output 
from the electronic control unit in prescribed time 
intervals so as to gradually connect the clutch; and io 

a second gradual duty is output from the elec- 
tronic control unit in prescribed time intervals such 
that the clutch Is gradually connected slowly from 
the time a prescribed condition is satisfied. 

15 

10. The clutch control method according to claim 9, 
wherein said wet friction clutch is provided In series 
with a fluid coupling in the middle of a power trans- 
mission path extending from the engine up to the 
transmission in a vehicle, and said prescribed con- 
dition is established when the difference between 
the engine revolution and the clutch Input side rev- 
olution exceeds a prescribed value. 
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